Abstract: Forty-five of the 107 species of marine benthic algae collected during 2004 and 2006 NOAA cruises to isolated Johnston Atoll and two additional species from earlier collections represent new species records. Total number of algae is now increased to 189 species: 26 species of cyanobacteria ( blue-green algae), 105 species of red algae, 15 species of brown algae, and 43 species of green algae. The macroalga Caulerpa serrulata and the epiphyte Lomentaria hakodatensis were the most widely distributed species at Johnston Atoll based on frequency of occurrence at 10 of 12 stations and 8 of 12 stations, respectively, during the 2004 NOAA cruise. Despite the atoll's isolation, the parasitic red alga Neotenophycus ichthyosteus and the cyanobacterium Borzia elongata are the only endemic algal species on Johnston Atoll. Nonmetric multidimensional scaling analyses indicate that taxonomic affinities of Johnston Atoll lie between French Frigate Shoals and Wake Atoll. In terms of atolls, biodiversity of the marine flora of Johnston Atoll (i.e., 189 species) is surpassed only by the 256 algal species of the much-larger and better-studied Enewetak Atoll in the Marshall Islands.
French Frigate Shoals (Northwestern Hawaiian Islands), 1,448 km northwest of Kingman Reef (Line Islands), and 2,575 km northeast of the Marshall Islands. The atoll has been jointly managed by the U.S. Army, the U.S. Air Force, and the U.S. Fish and Wildlife Service and has served as both a military base and a National Wildlife Refuge. Currently, the lagoon at Johnston Atoll covers an area of 158 km 2 and contains a heterogeneous mix of environments ranging from sandy plains to highly rugose coral-dominated reefs. On 6 January 2009, Johnston Atoll and six other U.S. atolls and islands were designated as the Pacific Remote Islands National Marine Monument by presidential decree, which protects and preserves all natural resources within the designated area. Amerson and Shelton (1976) provided extensive information on the natural history of the atoll.
Both land and marine environments at Johnston Atoll have been substantially modified by anthropogenic activities over the past 70 yr , Lobel 2003 . After an initial contract was awarded in 1939 to construct a small navy base, portions of the lagoon were dredged and filled to enlarge Johnston and Sand islets from 0.18 to 2.58 km 2 and from 0.04 to 0.09 km 2 , respectively, and to create two additional islets, North (Akau) (0.1 km 2 ) and East (Hikina) (0.7 km 2 ) islets (Lobel 2003) . In August 1958 and July 1962, aboveground thermonuclear devices were detonated over Johnston Atoll that resulted in radioactive fallout on the islets and in the lagoon. Although the atoll is considered to contain relatively healthy reef communities, historical human impacts have undoubtedly affected some marine habitats. recorded the first marine alga, Halimeda tuna (Ellis & Solander) Lamouroux, from Johnston Atoll during his study of the green algae Halimeda and Udotea in the Pacific. Studies were conducted on the ecological impact of dredging operations in the Johnston lagoon (Brock et al. 1965 (Brock et al. , 1966 . As part of that study, Richard G. Buggeln and Roy T. Tsuda collected marine benthic algae from the lagoon in August and December 1965. The majority of the collections consisted of hammered or chiseled pieces of calcareous substrata covered by algal turf communities. An annotated account of 76 species of marine benthic algae (16 cyanobacteria [blue-green algae], 34 red algae, seven brown algae, and 19 green algae) was provided in an unpublished technical report of the University of Hawai'i, Hawai'i Institute of Marine Biology (Buggeln and Tsuda 1966) . The listing also included 16 taxa identified only at the generic level.
Based in part on those collections and earlier collections made by Robert S. Jones in April 1965 , Hollenberg (1968a reported seven species of Polysiphonia: P. anomola Hollenberg, P. flaccidissima Hollenberg var. Hollenberg (1968d ) and later by Buggeln and Tsuda (1969) as Centroceras apiculatum Yamada.
R. G. Buggeln and colleagues returned to Johnston Atoll in July 1966 and collected additional algal specimens. The unpublished technical report by Buggeln and Tsuda (1966) was updated to include additional species collected in July 1966 and published . The updated listing included 90 species of marine benthic algae (19 species of cyanobacteria identified by the late ''W'' Jan Newhouse, 38 species of red algae, nine species of brown algae, and 24 species of green algae) from Johnston Atoll. The red alga Crouania minutissima Yamada was inadvertently listed twice. Fourteen of the 90 entities (four cyanobacteria, two brown algae, and eight red algae) were cited only by the generic names.
Sixteen years later, Aegegian and Abbott (1985) reported seven species of marine algae in waters 45 to 250 m deep collected during four dives in the manned submersible Makali'i on the southwestern side of Johnston Atoll in October 1983. The species included two brown algae, Dictyota bartayresiana Lamouroux and Lobophora variegata (Lamouroux) Womersley; four green algae, Caulerpa bikinensis Taylor, Caulerpella ambigua (Okamura) Prud'homme van Reine & Lokhorst, Dictyosphaeria versluysii Weber-van Bosse, and Halimeda gracilis Harvey; and a red alga of the genus Dasya. Lobophora variegata, C. ambigua, and D. versluysii were previously reported by Buggeln and Tsuda (1969) but not at great depths. A new species of cyanobacteria, Borzia elongata Baker, Patterson & Ikagawa, was described from Johnston Atoll by Baker et al. (1997) . reported on the identity of marine species observed and collected during a 5-day marine survey of Johnston Atoll on 16-20 June 2000. A total of 75 algal species was presented (55 red algae, six brown algae, and 14 green algae). An additional 23 algal taxa (16 red algae, three brown algae, and four green algae) were identified to genus. No specimen numbers were provided in the technical report; later, herbarium and slide specimens were provided specimen numbers and deposited in bish.
Among this collection, a new genus and species of parasitic red alga, Neotonophycus ichthyosteus Kraft & Abbott, was described growing on its host, Neosiphonia poko . Holotypes of the parasite and host alga are from Johnston Atoll. Neosiphonia poko is known from several islands and atolls in the Pacific, but the parasite is thus far known only from Johnston Atoll.
The study reported here provides an account of 47 new species records of marine benthic algae from Johnston Atoll, spatial distribution based on frequency of occurrences at 12 stations during the 2004 and 2006 cruises conducted by the National Oceanic and Atmospheric Administration (NOAA), and their taxonomic affinities to algae from neighboring islands and atolls. Prior records of species identified only to the generic level are not included here unless the specimens are the only representatives of the genera from Johnston Atoll (Cladophoropsis sp. and Wurdemannia sp. and Kallymenia sp. and Spermathamnion sp. ). Crustose coralline algae were not collected on the two cruises.
materials and methods
Fourteen of the 18 NOAA stations ( Figure 2) were situated in the lagoon at depths between 1.5 and 17.4 m. The remaining four stations were located on the forereef in waters 13.7 to 16.8 m deep; see Preskitt et al. (2004) for sampling method performed during the algal collections. Before examination, plastic bags of frozen algae from each station were thawed in tap water. Thawed seawater was poured carefully out of the bag and replaced with 4% formalin in seawater. The collections were examined using a dissecting microscope, and all epiphytes and turf were separated. Small specimens (<1 cm) or sections of larger specimens were mounted on glass slides: specimens were decalcified with 10% hydrochloric acid, stained with aniline blue, and mounted with 30% sugar syrup (Karo) with phenol. Macroalgae were mounted on herbarium paper except for one specimen of Amphiroa cf. rigida Lamouroux, which was dried and stored in a vial. Four specimens were also preserved in vials with 4% formalin in seawater for future sectioning. The small quantities of nonprocessed replicate specimens from each station were consolidated into separate jars and preserved in 4% formalin in seawater. The retention of these specimens was to allow us to revisit the site collection, if needed, during critical taxonomic re-examinations of all specimens, including epiphytes.
NOAA stations at Johnston Atoll were identified by using the first three letters of the atoll's name followed by the station and year of collection (e. NOAA cruise. All NOAA specimens were deposited at bish. Replicate specimens were deposited in the Herbarium of the NOAA Coral Reef Ecosystem Division (cred), Honolulu. bish specimen numbers were also inserted in the listing that follows to document the specimens of species cited in . See Appendix 1 for description of NOAA collection sites.
The higher-level classification systems used were as follows: cyanobacteria, Anagnostidis and Komárek (1988) , Komárek and Anagnostidis (1989) , and Silva et al. (1996) ; red algae, Abbott (1999) and Choi et al. (2008) ; green and brown algae, . Citations listed after the species refer to references used in the identification or reexamination of specimens. Annotations were provided when specimens differed from the norm or were uncommon to the central Pacific. New records of algal species for Johnston Atoll are preceded by an asterisk (*).
Because all algal species from each station of the January 2004 and January 2006 NOAA cruises were identified and recorded, the frequency of occurrence (Oosting 1956 ) (i.e., number or percentage of stations at which a species was recorded) provided one indication of the spatial distribution of a species at Johnston Atoll. In addition, records from the 2004 and 2006 cruises provided two sets of data.
Data on species presence and absence of 404 definitively identified eukaryotic algal species (i.e., red, brown, and green algae) were culled from the literature (French Frigate Shoals, Northwestern Hawaiian Islands [Vroom et al. 2006] ; Howland and Baker islands Trono 1968, Tsuda et al. 2008] ; Wake Atoll [Tsuda et al. 2006 [Tsuda et al. , 2010 ; and Enewetak Atoll, Marshall Islands [Tsuda 1987 [Tsuda , 2002 ). The data provided a means to compare the marine benthic algal flora of Johnston Atoll with marine floras of five neighboring islands and atolls. A Bray-Curtis similarity matrix of species presence among islands was generated using PRIMER-E software, v. 6 (Clarke and Warwick 2001) , and multidimensional scaling (MDS) (number of restarts ¼ 50) was used to map relationships between islands based on floristic composition.
results
The 107 species collected from Johnston Atoll during the NOAA cruises in January 2004 and January 2006 included 45 new species records (42%): six cyanobacteria, 25 red algal species, four brown algal species, and 10 green algal species. Two other new species records, Rosenvingea intricata and Codium campanulatum, were ascertained during the reexamination of prior collected specimens that were listed by generic names only. Of the 142 species previously collected from Johnston Atoll, 81 species (57%) were not recollected during the NOAA cruises: 19 cyanobacteria, 35 red algae, six brown algae, and 21 green algae. Seventy-nine of the 81 species (excluding R. intricata and C. campanulatum) are listed in Appendix 2. The 189 species of marine benthic algae thus far recorded from Johnston Atoll consist of 26 cyanobacteria, 105 species of red algae, 15 species of brown algae, and 43 species of green algae. Past record: Buggeln and Tsuda (1969 fig. 60A -B.
NOAA specimen: JOH-11-04, bish 735282.
Order Scytosiphonales Family Scytosiphonaceae (Table 1) were recorded at six (50%) or more of 12 stations (stations 1-12) during either the 2004 or 2006 cruise. Four species can be considered macroalgae: two green algae (Caulerpa serrulata and Halimeda taenicola) and two brown algae (Lobophora variegata and Cutleria irregularis). The remaining seven red algal species were turf or epiphytes, less than 1 cm long. The macroalga Caulerpa serrulata and the epiphyte Lomentaria hakodatensis were the most spatially distributed species at Johnston Atoll. Only two species, Caulerpa serrulata and Jania pumila, were recorded in 50% or more of the 12 stations during both NOAA cruises.
The isolation and location of Johnston Atoll in the central Pacific should favor a setting for endemism. Yet, the only endemic algal species of the 189 species recorded from Johnston Atoll are the parasitic red alga Neotenophycus ichthyosteus and the cyanobacterium Borzia elongata (Baker et al. 1997 ), which will most likely be found at other islands if the parasite's host, Neosiphonia poko, and cyanobacteria are critically examined. Maragos and Jokiel (1986) , likewise, did not find endemism among the 33 species of stony corals at Johnston Atoll, which had the least coral diversity compared with Hawai'i (45 species), Phoenix Islands (85 species), Line Islands (70 species), and Marshall Islands (366 species). Gosline (1955) considered the 158 species of inshore fish fauna at Johnston Atoll an extension of the Hawaiian fish fauna. Based on an updated listing of 271 species of fishes from Johnston Atoll, Randall et al. (1985) reported the fish fauna impoverished as compared with those of the Hawaiian Islands (680 species) and the Marshall Islands (817 species). Reasons for the depauperate fish fauna have been attributed to the atoll's isolation, small size, and paucity of marine habitats. Three unidentified fish species observed in waters deeper than 100 m (Randall et al. 1985) and the deepwater Centropyge nahackyi Kosaki (1989) may be the only endemic fish species at Johnston Atoll. Kosaki et al. (1991) concluded that repeated extinctions and recolonization from the nearest high-island refuge rather than long-term residence of species may reflect the Hawaiian influence on the current fish fauna (301 species) of Johnston Atoll.
Nonmetric multidimensional scaling analyses (Figure 3) indicate that the taxonomic affinities of eukaryotic marine benthic algae of Johnston Atoll lie between its nearest northern neighbor French Frigate Shoals (Northwestern Hawaiian Islands) and Wake Fourteen algal species are common to the six islands and atolls: eight species of red algae (Anotrichium tenue, Ceramium macilentum, Corallophila apiculata, Gayliella flaccida, Heterosiphonia crispella, Hypnea spinella, Lomentaria hakodatensis, Polysiphonia scopulorum), two species of brown algae (Asteronema breviarticulatum and Lobophora variegata), and four species of green algae (Bryopsis pennata, Caulerpa serrulata, Dictyosphaeria cavernosa, Ulva clathrata). The three atolls used in the comparison, Johnston, Wake, and Enewetak, have histories of being impacted by anthropogenic activities, and the three shoals and islands, French Frigate Shoals, Howland, and Baker, have histories of being rather pristine. Halimeda taenicola and Caulerpa bikinensis, first described from the Marshall Islands , represent two macroalgae conspicuous at Johnston Atoll that still remain absent from Hawaiian waters .
The only tropical-subtropical Pacific atoll with a greater biodiversity of marine flora than the 189 species at Johnston Atoll is the much larger and better-studied Enewetak Atoll in the Marshall Islands with 256 species (Tsuda 1987 (Tsuda , 2002 . NOAA cruises to the U.S. Pacific Remote Islands, however, are broadening our knowledge of the diversity of marine benthic algae from rarely visited islands and atolls in the Pacific. 
